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AXRODYiiAMIC CIIARACTEBISTICS OF A SPOTI;ER-SLOT-DZZ?LETOR 

BJ Douglas R. Lord and Ro’oert Mormg 

AE icvestigztion :?as been =.de in the Langley 4- by 4-foot  super- 
sonic  pressure  tunnel a t  Mach nmbers of 1.61 and 2.01 to   deternine  the 
aerodyna!ic chmacter i s t ics  of a spoiler-slot-deflector  coctrol on a 
45’ sweptbzck wing hzving an aspec t   ra t io  of 3.5, a t z p e r   m t i o  of 0.3, 
md an ITACA 65~005 a i r fo i l   sec t ion .  The model w e s  equipped with a 
15-percent-chord  spoiler-slot-deflector  extending from 13 t o  78 percent 
of the wing semispm. The spoi ler  end deflector were hirsed  along  the 
60- md 75-percent-chord lines,  respectLvely. Tests were made et a 
Reynolds number of 3 .O X 106 (based on the me= aerodynamic chord  of 
the wing) m-d covered  raoges of angles of a t tack  frm -30 t o  150, spoi ler  
projections f r m  0 t o  8.0 percent  chord, and deflector  projections fran 
o t o  7.6 percent chord. 

Tce t e s t   r e s u l t s  indica%ed that  the  spoiler-alone  corfiguretion 
los t   very   l i t t l e   e f fec t iveness  a t  angles of a t tack up t o  130, however, 
projecting  the  deflector cause6  lasge  increases  in  effectiveness a t  the  
hi@ angles or’ attsck.  R.ztios of def lec tor   p ro jec t ion   to   spoi le r  pro- 
jection fram 0.5 t o  1.0 produced the m ~ ~ i n u r r r .  control  effectiveness a d  
ratios  near 0.5 produced the  min1im.m t o t a l  hirqge mmellts. 

INTRODUCTION 

Considerzble  interest is beir-g manifested in spoiler-type  controls 
fo r  use in   obtaining  la terel   control  on high-speed aircrEPt. These COD- 
t r o l s  axe desirzble became of t h e i r  good effectiveness  through  the 
transonic speed  renge, low hinge mments, and low aeroelast ic  effects 
as compared t o  conventional  trailirg-edge  ailerons. A t  high ar-gles of 
attack,  spoiler  controls  tend  to  lose  their   effectiveness;  however, a 

)Ller..qnd.a lower surface  deflector have  been  found 



and transonic speed renges. (See refs. L t o  14. ) The resu l t s  t o  date 
me  pri.??arily from wirE-tunnel tes t s ;  however, sxccessful  f1ia-L  tests 
of a spoiler-slot-derlector  coztrol have been m a d e  at high subsonic 
Speeds by Nort’n h e r i c a n  Avietion,  Inc., on a ful l -scale   a imlane.  The 
purpose of t n i s   r e so r t  is t o  present the resu l t s  of sone szpersonic wind- 
tunnel  tes5s of a spoller-slot-deflector  configuration and t o  detemine 
the nost sizitzble  ratlos of deflector  projection  to  spocler  grojection 
f o r  m e x i z r m  effectiveness md rinimun  binge  mments. 

- 

The s a i s p m  wing  model was tested  in  the  presence of a half-fuselage 
a t  angles of at tack from -3O t o  15O. The spoiler anii deflector were pro- 
jec%ed  independently Klroug? projection  ranges from 0 t o  8.0 percent 
chord. The t e s t s  were coeucted a t  Yach nm-bers of 1.61 end. 2.01 for a 
Reynolds number of 3 .O X lo6, based on the wing  mean aerodynamic chord 
of 10.63 inches. 

Ch, t 

I b 
2 

C 

senispem w i n g  drag  coefficient, - Drag 
ss 

senispen w i n g  pitching-manent coeff ic ient   referred  to  
Pitching  nment 0 . 2 5 ~ ~  

qSE 

semispall wing rolling-ament  coefficient, Rolling rnanent 
2qSb 

increaeatal  rolltng-mment  coefficient produced by control 

’r”inge-mamer”t coefficient ebout  control  hinge axis, 
Hinge  mm-ent 

2qQ 
, posit ive hinge mcment is a 

&s t o t a l  hinge-ament  coefficient, Ch,s f 

wing sernispen 

loca l  wing  chord 

c 10s ing rncmnent 
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- c' w i n g  mean aerodynamic chord 

strezm LMach nuuber 

9 stream  dynmic  pressure 

Q mea  nment of control aboizt i t s  hinge l ine  

S smispan w i n g  area 

U wing angle of attack 

6 control  projectioa  perpendicular  to  the wing surfece 
(negative f o r  spoi ler   t ra i l ing edge  above  and deflector 
t ra i l ing edge  below wing surface) 

a prefix in6ice-LFn.g inc raen t  due to   control  

Subscripts : 

8 spoiler 

a deflector 

t t o t a l  

Tinis investigation was conducted in   the Langley 4- by 4-foot  super- 
sonic  pressure  tmnel, which is  a rectangillm,  closed-throat,  single- 
re turn   tme of wl2n.d turnel w i t h  provisions  for  the  control of the  pres- 
sure,  taperaturre, and huzridity of the enclosed air.  Flexible  nozzle 
wells were adjusted t o  give the desired  test  section Mach nmbers of 
1.61 md 2.01. During the  tests,  %he dewpoint w a s  kept below -20° F at  
atmospheric pressure so tha t  the effects of water condensation in   the  
suBersonic  nozzle were negligible. 

Model  and  Model  Mounting 

The  model used in   these  tes ts  colzsisted of c senisgan w i n g  and a 
half-fuselage as shown fn figure 1. The w i ~ g  was made of s t ee l  and had 
450 sweenback of the quarter-chord l ine,  an aspect  retio 02 3.5, a taper 
ra t io  of 0.3, e root  chord of 14.95 inches, a t i p  chord of 4.48 inches, 
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and z semispan of 17 .OO inckes . Fhe w i n g  ha0 NACk 65~005  a i r focl   sec  - 
t ions  paral le l   to   the sir stream and vas eqcigFed w i t h  an  inboard 
63-percent-semispan,  15-percent-wing  chord  spoiler-slot-deflector. The 
spoiler and deflector were hinged  along  the  60-perceot- and 75-percent- 
chord lines,  respectively. (See f ig .  1.) 

Tne Itselage was nzde of s t e e l  and aluminuu. It had a fineness- 
ratio-2.5  ogival  nose followeB by a cyl inir ical   center  portion and a 
’Doattailed  afterbody w i t h  e base ciiameter of 50 percent of the meximm 
body diaxeter. (See fig. 1.) 

The sen?ispan sveptback wing was  mouzlted oo e sidewall  balmce which 
W E S  located  in z tmnt&ble of a bom6az-y-layer by-pass p la te  as shown in  
figure 2. The bypsss p la te  was located &bout 10 inches fron the tunnel 
sidewall. m e   h l f - f u s e l a g e  vas mounted  on the  tu-ntable  independently 
of the vir-g m-d 5alance. 

TESTS 

The forces and aments  on the wing i n  the presence of the body were 
neasured by a four-component strein-gage  behnce. The spoiler md 
deflector  hinge momenks were measure6 by s t r a in  gages mounted.  on the 
liakage which co-mected the  control  drive mo%ors to  the  control shafts. 
These s t r a in  gages  xeasured  the  mments  about the shzfts. 

The rr.odel mgle  of a%tack was chmged Sy a notoz  drive  located 
outside  the  tunnel.  vXch  rotated  tke  turntable  in  the  bypass  plate on 
which %he model was no-ated. The -le of a t tack was measured by an 
electrical  slide-wire  position  indicator  located on the backside of the 
turntEble  in the bmass  plate.  Spoiler m-d deflector projections were 
ckanged by two renote-controlled  electrical motors mounted in  t’ne f’use- 
lage acd geered to r o t a t e   t h e   c o ~ t r o l  s3afts. The angles of the  coatrol 
shafts were aeas-aea by two e lec t r ica l  slide-wire control-position  indi- 
cators  located  inside  the  fuselsge.  Calibrations of the control  projec- 
t i ons   i n  terms of the  control shaft angles were -mae to   emble   t he   t e s t  
t o  be d e  a t  even-percent-chord  projections. 

3- l--e wing angle-of-attack r w e  w a s  frcm -3’ t o  l5O &t increments 
of 3O. Tce spoiler  p-ojection  range was frm- 0 t o  -8.0 percent wing 
chord w i t h  s rmge of deflector  projection f’ran zero t o  a projectFon 
apgroxixm-bely eqaal t o   t h a t  of the  spoiler a t  each spoiler  projection. 
In atZdi+,ion, a t  a spoiler  sett ing of 0, the deflector was tested at 
projections frm 0 t o  -7.6 percent  chord. 

The tests were mCie a t  t ? m e l  stagnation  pessures of 12.0 and 
14.0 pour6s ser  sgmre  inch at Xach  numbers of 1.61 and 2.01, 
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respectively,  correspoEding t o  a Reycolds nmber based on the wing mean 
aerodynmic  chord or' 3.0 X loo. In  order  to  insure a turbulent b o h a r y  
layer  over  the wing during  the test, 1/8-inch-wid.e s t r ip s  or" No. 60 
carborundum grains were a-ltsched t o  the wing uFper and. lower surfaces 
a t  a distance of 3/4 inch fran the leading edge. These striss extended 
frm the  fuselage  to %??e smispan wing t i g .  

r 

PRECISION OF DATA 

The  mean  Mech ambers in  the  region  occugied by the model were 
estimated  fro=  calibration  to be 1.61 and 2.01 w i t h  local  variations 
s m l l e r  tnan fO.02. There was no evidence of signfficant flow m@;ularity. 
The e s t d t e d  accuracy of otlrler pertinent  quantities is as follows: 

. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  

fO ,05 
s . 2  
k0.2 

+o 005 
fO .001 
k0.002 
fO .001 
ko .01 
f0.02 

RESULTS ANB DISCUSSION 

%sic Wing Characteristics 

The variations OZ wing l i f t ,  drag, pitching mment, a d  gross 
rolling-mment  coefficients wikh angle  of  atteck fo r  the 'Dasic wing 
configuration w i t h  undeflected  controls  are sham in  figure 3. These 
variations  are  presented  in  order  to  i l l i lstrete %he nagnitcde of the 
coefficients at the two  Mach nmbers end because the ensuing ar?alysis 
of the  control  characterist ics relies on the  incremental  coefficienfx 
due to   def lect ing the con-lrols. 

h general the cwves of the  various wing coefficients w i t h  esgle 
of attack (fig. 3)  are  mooth and the effect  of increasing  the Mach 
nmnber from 1.61 t o  2.01 is  t o  decrease  the slopes of the curves. Sane 
inaccuracies are evident  in the data at a = 00 where the Uf t ,  pitching- 
moment, & rolling-nonent  coefficients .%re c o t  always  zero and the drag 
coefficients are smewhat  higher a t  M = 2.01 t'rren a t  M = 1.61, con- 
t r a ry  t o  what m i g h t  be eaec ted .  One possible  emlanation fo r  the drag 
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difference  could be that the  t ransi t ion  s t r igs  were d e  too  thick  for 
the M = 2 t e s t s .  The feired  values  taken from the  curves of figure 3, 
however, were subtracted frm the neas-ured values with the  controls 
deflected  in  order t o  obtain  the  increnentel  coefficients due to control 
deflectLon. 

Control  Effectiveness md Drag 

?he basic  plots of tae  incremer-tal w i n g  l i f t ,  drag, pitching-moment, 
acd  rolling-moment coeff'icients clue to  deflecting the spoiler-slot- 
deflector  control  are Sresentecl i n  figures 4 ant? 5.  The vsrious  coeffr- 
cien?s are plotted agaLnst deflector  projection for constant  spoiler 
grojection at e. given wing angle of attack. 

A t  low angles of attsck  tkere i s  very l i t t l e  ck2nge in  t'ce effective- 
ness or drag due t o  Fncreasing tlne  Mach mmher frm 1.61 -io 2.01. AS t'ne 
angle of attack is increased toward 150, hovever, the  effect  of %cn  number 
becoxes quite  signii'icant. A t  low angles of attack,  increasing  the 
deflector  projection  generally  causes snaI-1 changes i n  Yne  wFng lift, 
gitcbing-mment, or rolling-ncerent  coefTicients;  but at the  higher  angles 
of attack,  the  effect  of the  deflector i s  very  beneficial. This i s  i n  
agrement w i t h  e l fec ts  previo7zsly shown in  references 3, 4, and 5 which 
s e a  to indicete  that the deflector  becmes less e f f ec t ive   a t  the low 
angles of attack  as the wing  sweep or Mach  nzmbe- is  increased. On the 
other 'nand, the deflector  causes  sizeable  drag  increases at the low 
angles of attack  (fig.  4) ;  whereas, a t  big? angles of attack when t'ne 
spoiler i s  open, t'ce deflector  causes  negligible  chages  in  drag. This 
+,rent5 is a l so   i n  agreement w i t h  t'ne drag  chmacteristics sho-rn in   refer-  
ence 3.  

. 

In  order  to demonstrate more vividly  the  effect  of angle of attack 
on the  control  effectiveness m-d &rag chwacter is t ics ,  the incremental 
coefficients  fran  f igures 4 and 5 have been cross-plotted  against  eagle 
of attack  in figures 6 m-ii 7 f o r  constant  sgoiler  projections a t  
ra t ios  of deflector  projection  to  spoiler  projection of 0, 0.5, and 1.0. 
It s50uld be evident t'rat e projection  ratio of zero  corresponds t o  a 
spoiler-alone  configuration. 

Perhaps the nost  rexarkable  efrect shown in  f igures  6(a) and 7(a) 
i s  t'ne ma11 loss  in  control  effectiveness  for t2kI.s particular spoiler- 
alone  configlzration w i t ? ?  increasing  angle of attack.  Similar  variations 
have  been s h m -  in  references 4 and 5 for X = 1.20 with somewhat gre&ter 
loss fo r  the unswept wing configmation  than for the swept configuration. 
%?hen the def lector  w e s  gemed t o  open one-half as (figs.  6(b) ard 7(b) ) 
or as muck as (figs. 6(c)  m 6  7(c) ) the spoller,  the  control  effective- 
ness  increesed  considerably w i t h  angle of attack. This increased  effec- 
tiveness i s  rtluch larger et 24 = 1.61 % h a  at M = 2.01. In consLdering 
the drag due to  the  controls,  it can be seen f r o m  fLgxre 6 increasing 

. 
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the  projection  r&tio Ea/SS generally  increases  the  drag  throughout 
most of the mgle-of- attack range; however, t'r-e &ag increment a t  the 
high angles of attack ramins negligible. 

Since  the most gractical  application for t ie   spoi ler-s lot-def lector  
type of c o n t r o l   a t   t h e   p r e s a t   t a e  Fs f o r  use as a lateral-con%rol 
device, a more detailed  malysis of 'the rolling-ament  effectiveness for 
this control is shmm in  f igure 8 where rollilrg-mcment  coefficiezrb is 
plotted  against tlrle ratio 03 deflector   sroject ion  to   spoi ler   project ion 
at four  eagles of a t tsck and three  spoiler  projections. 

The vmiat ions shown in   f igure 8 Fodicate that for the  spoiler 
projections  required t o  obtain  appreciable  rollrng monent, the r e t i o  of 
deflector  projection  to  spoiler  projection for maximm rol l ing  noment 
increases  with  mgle 02 attack. This increasing treed w i t h  angle of 
attack  has been deznons-lrated previously a t  subsoarc  speeds in   r e f e r -  
ences 3 and 11. At M = 1.61 a project ion  ra t io  of 0.5 is the  ogtimm 
at a = Oo, whereas projection  ratios of the  order of 0.8 t o  1.0 axe 
beneficial at the  highest  angles of atteck. A t  M = 2.01 a profection 
r a t i o  of 0.7 is the  optimm a t  a = 00 and again  projection  ratios of 
0.8 t o  1.0 are  beneficial  at  the highest angles 02 attack. 

Control HiEge Moments 

Tie  bzsic  variations of spoiler and deflector hinge-Emen-l coeffi-  
cients w i t h  deflector  projection for constaat  spoiler  projections a t  E 
given angle of attack  are  presented  in  fig-me 9. In general  the  varia- 
tFons a re  very similm to  those shown z t  high  sizbsonic  speeds in refer-  
ence 13. The effect  of hcreasing  the Mach nmiber frcmn 1 . 6 1 t o  2.01 ss 
shown in  f igure 9 is  s m 1 1  on both  the  spoiler ad deflector hinge-mament 
coefficient.  Increasing %he deflector  projection f o r  a constant  spoiler 
projection  decreases the snoiler  hinge-ument  coefficient. The r a t e  a t  
which the  deflector  decreases  the  spoiler hinge-mcmnent coefficient is 
greater at the lmger  angles of attack. Wikh the  deflector  projection 
fixed,  increasing  the  spoiler  projection  increased the spoiler  hinge- 
moment coefficient (made  more pos i t ive) .   me  znaxi~~n increases were 
obteined  in  the middle of the  deflector  projectioo  rmge a t  large engles 
of attack. 

A t  low mgles  of attack, the deflector 'nWge-rccmect coefficients 
increese  rapidly  (becme more negetive) w i t h  increasirrg  der"1ector gro- 
jection. At the  higher  mgles of attack,  the  deflector  hinge-mmert 
coefficients first became  more posit ive as the  deflector  projection 
increases  unti l  a c r i t i ca l   po in t  is reached beyond  which the deflector 
hinge-mment coefficients abr-uptly became negative. The c r i t i ca l   def lec-  
t o r  projection at  which Siis  reversal  occurs  increases w i t h  angle of 
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attack f ron  -0.25 percent  chore a t  a = 3 O  to -1.0 sercent c3ord a t  
c = 15O. Vuying the  spoiler  projectioo at a given  Ceflector  grojectim 
causes   re la t ively  mal l  caenges in  the deflector iinge-inanent coefficient. 

I 

The chazges in   spoi ler  and deflector hinge-mment coefficien-ls with 
angle of at tack Ere more clearly shown in   f i gme  10 where *e data from 
figure 9 hEve been  cross-plotted  against  angle of attack  for  constant 
spoiler  projections an6 re t ios  of deflector  projection to spoiler  pro- 
Y 'ection of 0, 0.5, and 1.0. For the  spoiler-alone  configuration 
(fig.   lC(a)),  -Lhe spoiler hir-geaomen-l coefficients  decreased and the 
effect  of spoiler  projection  decreased 2s the angle of attack was 
incrersed. The Beflector  hinge-ament  coefficients s'now l i t t l e  effect  
of either  angle of attack or spoiler  CeZlection f o r  the  spoiler-alone 
configuration as would be expected. 

For t e  spoiler-slot-deflector  configuratLon w i t h  ra t ios  of 
deflector  projection  to  spoiler  projectLon of 0.7 (flg.  10(b)) and 1.0 
(fig.  1C (c)  1, the  spoiler 5inge-moment coefficients  decreased with mgle  
of a t tack,   tholgi   the   eEect  of spoiler  projection remaillea relat ively 
constant. The deflector  hinge-nment  coefficients  for  these  sme con- 
figmetions  exk:bite0  lzrge plnd sometimes er ra t ic  changes both w i t h  
engle of &tack w-0 with spoiler  deflection. For 6a/6s = 0.5 the 
deflector  hinge-nment  coefficients  tended t o  decrease  (becme nore 
posi%ive) w i t h  increasing  engle of at-kack, whereas for 6~/6, = 1.0 
they  tended t o  il?crease w i t h  increasing angle of a-ltack. 

Since t'ne hinge mamen-ts produced by the spoiler a d  by the deflector 
generally  are of opposite sign, it will be of interest  to  consider the 
t o t a l  hinge-moment coefficients  for a gemed  spoiler-slot-deflector con- 
figmetion. In figure 11 the to%al  hinge-nment  coefficients  ere  plotted 
against   ra t io  of deflector  grojection  to  spoiler  projection a t  foirr  angles 
of attack md t:3ree spoiler  projections. As the   5roject ion  ra t io  i s  
incre&see, the t o t a l  hinge-mmen-l coefcicients change fraa posi t ive  to  
negative as Yce equation  for  determining  t2e  total hinge-mment coeffi- 
cients is first donimted by tke posit5ve  spoiler  hinge noments and taen 
by the nege;tive  def'lector  hinge  mments. It appears frm- figure 11 Ynat 
a project ion  ra t io  of 0.5 wo7dd be 0p-lfi-m for obtaining miniman t o t s 1  
hinge  mments t'rcougl?out the angle of attack,  spoiler  projection, and 
bkch nimber rmges covered herein. 

CONCLUSIONS 

An investigation has been made a t  Yich numbers  of 1.61 and 2.01 t o  
determine K?e aerodynamic characterist ics of E. spoiler-slot-deflector 
control on a 450 sweptback wlag. T5e resirlts  indicate the following 
conchsions : 
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. 1. The spoiler-alone  configuration  exhibited  relatively smll losses 
i n  erfectiveness a t  angles of attack up t o  l5O. 

2. At mgles of attack above Oo, project i rg  the deflector caizsed 
large  increases  in  spoiler  effectiveness. 

3 .  Ratios of deflector  projection t o  spoiler  projection frcan 0.5 
t o  1.0 produced tine maximum control  effectiveness "nroughout the angle- 
of-atteck  raxge a d  caused l i t t l e  drag  penalty a t  arlgles of attack. 

4. The t o t a l  hinge-mm-ent coefficients produced by the geared 
sgoiler-slot-deflector  control were snallest for e. r a t i o  of deflector 
projectioll  to  sgoiler  projection of about 0.5. 

Lmgley  Aeronautical  Laborakory, 
National  Advisory Camittee for Aeronautics, 

Langley Field, Va., April 2k,  1957. 
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Section (A-A) 
(Not to scale) 

Wing: 
Aspect ratio 3.5 
Taper ratio 0.3 
Section NACA 65A005 
M. A.C. 10.65 in. 

Figure 1. - Sketch of oemi.span wing-fuselage model. All dimensions are in inches. 
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. 
(a) Front  tbee-quarter view. L-96391 

Figure 2. - Model rromted on the boundary-layer  bypass plate.  



. 

Figure 2. - Concl-de&. 



. 

Cz , gross 

Figwe 3 . -  VEriation of wing l i f t ,  drag, pitching-moment, m d  gross 
rolling-moment  coefficients with angle of &tack.  6, = 0; 6d = 0. 
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M.1.61 

(a) CL = -3O- 

Figme 4.- Varietion ol” increxental w i ~ g  lift en6 drag  coefficients with 
deflector  projectior-. 
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-a -4 0 4 
Sd ,%c 

M=2DI 

(b) CL = 0'. 

Figwe 4.- Coctinued. 
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a, c 

M=f.61 
a, ,%c 

M=2X)I 

( c )  CG = 3 O .  

-2 2 4. - Cmtinued. 
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(a) a = 6'. 

Figure 4.- Continued. 
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(e) c = 9'. 

F'Fgl;re 4. - Continued. 
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8, p/oc 

M =l.6 1 
8, ,%c 

M=2.01 

(f) a = 120. 

Figure 4. - Continue&. 
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22 NACA F&i ~ 5 7 ~ 1 6 a  

8, ,%C 

M.1.61 

8, p/oc 

M.2.01 

(g) a = 17 . 0 

Figure k . -  CcncluCed. 
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B,.%C 
M=1.61 

(2) a, = -30. 

Sd 9 %  c 
M= 2.01 

Figure 5.- Varia-Lion of increrneE%el wing rolling-moxent and pitching- 
moKent ccefficients wi th  deflector  projection. 



(b) CG = Oo. 

Figure 5. - Coztimed. 
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M= 1.61 

( c )  a = 30. 

Figure 5.- Ccntinued. 

8, ,%c 

M= 2.01 
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E$ ,%c 

M=1.61 

(a) CG = 6 O .  

Figure 5.- Continueti. 



NACA RM ~ 5 7 ~ 1 6 ~  - 

8,, %C 

M= 1.61 

( e )  a = 9'. 

Figure 5 .  - Continued. 
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M.2.01 



NACA REil ~ 5 7 ~ 1 6 a  
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M 1.61 

-8 -4 0 4 
s,, %c 

M=2X)I 

(f) ct = 12O. 

Frgure 5 .  - Csntinued. 
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-.O& 7 0 2 t t E z  0 4 8 12 t6 

a,  deq 
. M=1.61 

Qr deg 
M=20I 

Figure 6.- VEriaticn of increxental w+ng lift ar?d drag  coefficients with 
angie of attack. 
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Figme 6.- Continued. 
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Figure 6.- Cmclil&ed. 
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Figure 7.- Vmiation of incremerbal wir?g rolling-moment axxd pitching- 
monent coefficien"is w i t h  an-gle of a t t rck .  
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Figure 7. - Continued. 
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Figure 7.- Concluded. 
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'h,s 

'h,d 

.4 
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-.I 

72 
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-4 0 4 
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M=1.61 
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Sd ,%c 
M =201 

(a) a = -3O. 

Figure 9.- Variction of  spoiler  and deflection hinge-moment  coefficients 
with deflector projection. 
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Figure 9. - Continued. 
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Fig7we 9. - Continued. 
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(a) G = 6 . 
Figure 9. - Continued.. 
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(f) c% = 12 . 0 

Figure 9.-  Continced. 
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( e ; )  a = 15O. 

Figure 9 .  - Concluced. 
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Figice 10.- Variation of  snoiler ami deflector hinge-lr.are??t coefficients 
w i t 2  angle of attack. 
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Figure 10.- Continued. 
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Figure 10. - Concluded. 
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Figwe 11. - Vmiatioc of the sgoiler-slot-deflector  total hinge-mment 
ccefficients with r a t i o  of deflector  pTojection t o  spoiler  projection. 

NACA - L3r.g.Iey Field, VL. 



c 

c 


